A 48-year-old woman with a history of viral influenza infection was admitted with rapidly progressive numbness and weakness of the right extremities. On admission, general physical examination revealed no abnormality. Cerebrospinal fluid analysis showed no abnormal findings. Brain computed tomography and magnetic resonance imaging showed an open ring-like enhanced lesion in the white matter of the right parietal lobe with massive perifocal edema. Cerebral angiography showed no tumor staining and thallium-201 single photon emission computed tomography showed no abnormal uptake. The preoperative diagnosis was malignant glioma and partial resection was performed. Histological examination showed perivascular accumulation of small lymphocytes and a large number of macrophages with reactive astrocytes. Phagocytosis of myelin was observed in the macrophages and nuclear fragmentation in the reactive astrocytes. The histological diagnosis was acute inflammatory demyelinating disease. After therapy with methylprednisolone, her neurological symptoms improved gradually and no relapse occurred during 18 months of follow up. Tumor-like masses of demyelination may occupy an intermediate position between acute multiple sclerosis and postinfectious encephalitis. Open ring sign may be a pathognomonic feature of these lesions.
Introduction
Ring-like enhancement on computed tomography (CT) or magnetic resonance (MR) imaging associated with progressive neuronal symptoms is often interpreted as indicating malignant brain tumor or brain abscess. Subsequent differential diagnosis will often be performed exclusively based on such an assumption. 5, 6, 8) However, many other pathological conditions can appear as ring-like enhancement, e.g. tumor-related pathologies such as malignant lymphoma, radiation necrosis, inflammatory diseases such as mycosis, parasitic infection, or tuberculoma, demyelinating diseases such as multiple sclerosis, and cerebrovascular diseases such as old cerebral infarction or cerebral hemorrhage, etc. 1, 5, 10) The first step to adequate treatment is a differential diagnosis considering as many diseases as possible.
We recently treated a patient with acute demyelinating disease in whom surgery was performed based on a preoperative diagnosis of brain tumor. Review of the preoperative images after the histological diagnosis was established identified the characteristic open ring sign. 10)
Case Presentation
A 48-year-old woman had no significant past history or family history, but developed cold-like symptoms in late January 2004. She visited a local hospital, and was given oral medications under a diagnosis of influenza. She suddenly developed numbness in her right leg on March 8, 2004 . She was kept under observation, and the numbness extended to the right arm on March 15, and she also manifested dysgraphia. She developed muscle weakness in the right arm and leg on March 26. She finally presented to our hospital with difficulty in walking on April 3. She was hospitalized with suspected brain tumor on the basis of CT findings. Her consciousness was clear. She had right flaccid hemiparesis of the arm and leg with manual muscle test 4/5 and reduced superficial perception. Blood biochemical examinations found no evident abnormalities including inflammatory findings. CT revealed a broad low density area in the center of the white matter of the left parietal lobe with blurred ring-like enhancement in the center of the same area with contrast medium. A slight mass effect was found in the posterior horn of the lateral ventricle (Fig. 1A, B) . T 1 -weighted MR imaging showed a low intensity area in the same region, and T 2 -weighted MR imaging showed the central part of the lesion as high intensity, with a slightly different signal intensity from the high intensity extending throughout the surrounding white matter (Fig. 1C,  D) .
MR imaging with contrast medium revealed a ring-like enhancement which seemed to surround the relatively high intensity area on T 2 -weighted MR imaging. This area showed strong enhancement in the area bordering the deep white matter, with little enhancement on the cortex of the brain surface on the sagittal image. This feature was also evident on the coronal image. Although the enhancement effect showed a ring-like shape, the ring seemed to open onto the cortex. The peripheral edema was intense, but the mass effect seen in the posterior horn of the lateral ventricle was mild ( Fig. 1E-G) . Diffusionweighted MR imaging showed the area as high intensity similar to the enhanced area. Furthermore, the surrounding edema-like area also appeared as high intensity (Fig. 1H) .
Cerebral angiography was performed because of the possibility of brain tumor. No evident tumor stain was seen but a mass effect was found. Thallium-201 single photon emission computed tomography failed to show any obvious uptake in either early or delayed images. Although an operation was planned because of the possibility of high-grade glioma in the right parietal lobe, emergency surgery was performed on the 3rd day after admission because the patient developed rapidly deteriorating hemiparesis, headache, nausea, and vomiting.
A parietal craniotomy was performed in a prone position. The brain surface showed a flat gyrus. Ultrasonography showed the lesion was hyperechoic. After needle puncture of the focus, 8 ml of yellowish fluid positive for Froin was aspirated. The Histological examination showed the primary site of the lesion was the subcortical white matter. The cortical structure was well maintained without inflammatory cell infiltration. The chromatin-rich nuclei were unevenly distributed in the white matter, and foamy macrophages showed solid growth with reactive astrocytes containing abundant eosinophilic cytoplasm with thick cell processes. The macrophages were almost uniform in shape, although cells with evident nucleoli as well as binuclear cells and cells with diffuse granular nuclei (Creutzfeldt cells) were found among the astrocytes. Regions with extremely low cell density seemed to be microscopic necrotic lesions. No evident change was found in the blood vessel walls, but infiltration by lymphocytes, plasmacytes, etc., was found in surrounding areas (Fig. 2) . Luxol fast blue-hematoxylin and eosin staining revealed diffuse demyelinating foci with a clear boundary with the normal white matter preserving the myelin sheath. Phagocytosis of the destroyed myelin by accumulating macrophages was seen in this area (Fig. 3A-C) . Bodian staining showed relatively well-preserved axonal structures even in the demyelinated foci, but destruction of axons was also found in the microscopic necrotic areas (Fig. 3D) . Lymphocyte infiltration was found for both CD3 and CD20 around the vessels, but CD3 infiltration was dominant (Fig. 3E, F) . The histological diagnosis was acute demyelinating lesion.
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Two cycles of steroid pulse therapy (methylprednisolone 1 g, 3 days) were performed. The hemiparesis of the right arm and leg then rapidly improved and the patient managed to walk under observation. Lumbar tap was performed 10 days after the operation. The initial pressure was 170 mmH 2 O, protein level was 56 mg/dl, glucose level was 67 mg/dl, and no oligoclonal immunoglobulin G was found. MR imaging on discharge found no evident enhancement and the convolutional structure had almost totally recovered. No findings of relapse were found in the 18 months since surgery.
Discussion
Open-ring imaging sign or white matter crescent sign was first used to describe atypical tumor-like demyelination as a disease characterized by a large enhancement effect localized in the white matter, with the ring-enhancement opening on the side adjacent to the gray matter or the basal ganglia. 10) Demyelinating lesions, usually multiple sclerosis, are characterized by small homogeneous ovoid areas, so enhancement often mimics a tumor and is definitely different from conventional demyelinating lesions. 1, 3, 12) The number of cases of demyelinating lesions suspected to be a tumor, and which were treated by surgery including biopsy, has recently increased. 1, 3, 6) The largest series consists of 32 cases, 8) and most of the cases included images showing open ring sign. 1, 6, 8, 12) Representative terms for this pathology include multiple sclerosis mimicking primary tumor, 7) large focal tumor-like demyelinating disease, 8) tumefactive demyelinating lesion, 1, 3, 12) and monofocal acute inflammatory demyelination (MAID). 6) A disease name should clearly express the pathology, so we believe that MAID is the most suitable name based on the images and clinical findings of the previous cases. The disease is characterized by clinically acute onset and rapid progression. 6) Most cases are single onset and show a large open ring sign 4 cm or more in diameter on imaging, 6) usually located in the brain surface area of the frontal lobe or parietal lobe, unlike multiple sclerosis which often occurs in areas such as the deep white matter or the paraventricle. In addition, peripheral edema and relatively mild mass effect for the size of the lesion are common. 1, 3, 12) Many reports have used the term tumefaction and emphasized the importance of differentiation from tumor. Increased diffusion on diffusion-weighted MR imaging, 9) reduced blood flow on perfusion MR imaging, 5, 6) and decreased N-acetyl aspartate and elevated lipid levels on MR spectroscopy are considered to be useful for differential diagnosis. 5, 6, 9, 12) Histological features include conventional demyelination findings characterized by macrophage colonies phagocytizing myelin, suggestive of acute onset, perivascular lymphocyte cuffing, or active gliotic change, as well as the presence of necrosis, even accompanied by partial axonal destruction. 1, 3, 11, 12) Clinicopathological features require differentiation from the so-called acutely progressive monophasic malignant form of multiple sclerosis such as Marburg disease. 8, 11) However, the clinical features are different from those of conventional demyelinating diseases because of the good reaction to steroid treatment and good prognosis virtually without relapse. 1, 6, 8, 11) The present patient had had influenza 2 months before presentation. Acute demyelinating lesions following infection include the entity acute disseminated encephalomyelitis. However, most reported cases occurred in pediatric patients and showed many differences from typical MAID pathology such as prolongation of severe infectious signs including cerebrospinal fluid or uniform enhancement effects. [1] [2] [3] [4] 6, 12) Influenza vaccination performed 10 days before onset is extremely rare in MAID case reports. There may be an allergic phenomenon underlying the disease. 8) If the open ring sign was well understood, a high risk operation with craniotomy would probably not be chosen. 3, 5, 6, 12) Evaluation of possible demyelinating pathology using MR spectroscopy 5, 12) or cerebrospinal fluid findings, and discussion with the pathologist will increase the possibility of distinguishing this entity from brain tumor by intraoperative diagnosis. 11, 12) However, adequate exploration of the pathology of the myelin sheath and the axons is essential for reliable histological diagnosis, and confirmation of the boundary between the normal tissue and the demyelinating foci is particularly useful. 11, 12) We believe that if confirmation of demyelinating foci is obtained intraoperatively, boundary tissue dissection with normal brain should be performed at safe sites utilizing various functional monitoring. 6, 8) After the definitive diagnosis is established, the reactivity to steroids is good and the patient can be informed that there is almost no possibility of relapse. 6, 8) 
